Abstract: This article describes the capabilities of a universal software platform for visualizing class F curves and developing specialized applications for CAD systems based on Microsoft Excel VBA, the software complex FairCurveModeler, and computer algebra systems. Additionally, it demonstrates the use of a software platform for visualizing functional and log-aesthetic curves integrated with CAD Fusion360. The value of the curves is evident in visualizing the qualitative geometry of the product shape in industrial design. Moreover, the requirements for the characteristics of class F curves are emphasized to form a visual purity of shape in industrial design and to provide a positive emotional perception of the visual image of the product by a person.
Introduction
There is an extensive class of products with functional curves and surfaces that determine their essential design characteristics. These are, for example, external contours of aircraft, vessels, working surfaces of soilcultivating units, cam profiles, and axial lines of the road route, airfoils, turbine blades, and compressors.
In [1] [2] , basic requirements to the quality of functional curves are constructed by motion analysis of a material point along the trajectory of a spatial curve. These requirements, as generalized in [3] , relate to the smoothness criteria and are invariant with respect to the specific operation of a particular product. They are as follows:
1. The order of smoothness not lower than 4 2. Absence or the minimal number of curvature extremes 3. Small values of variation for the curvature and the rate of its change 4. The small value of the potential energy of the curve 5. Aesthetic analysis from the standpoint of the laws of technical aesthetics.
Curves of high quality that satisfy the above smoothness criteria are called class F curves (Functional) [3] [4] [5] , in contrast to the term class A (Aussenhaut 1 ) curves, which was borrowed by Gerald Farin from the SYRKO CAD system description of Daimler-Benz AG for the modeling of external surfaces of the car body [6] .
from its German origin
Everything is designed with humans in mind; a product is tailored to the needs of its consumer. Products are created by means of material and spiritual production. They fill the person's living space-a place where he reveals the product's content and gives it an appropriate assessment. However, man evaluates the finished product by its necessity, in the aggregate of all its qualities. The usefulness of the product is primarily obtained through the visual communication channel. In this sense, the perceived shape of the product expresses, in its characteristics, the main qualitative indicators. As a rule, a harmonious form is an adequate reflection of the main technical, operational, and aesthetic qualities of an industrial product. In turn, the aesthetic qualities of the shape, embodied in design tools, play an important role in the product's sales. "Commercial success of any product depends largely on its design" [23] . Furthermore, a large part of product design can be attributed to its qualitative surface geometry. High aesthetic qualities of the shape contribute to the evaluation of the car by the buyer, and also become significant for many other industrial design objects. In the context of a car's industrial design, its basic aesthetic aspect is understood as the ability of a shape based on the high quality of the geometric relationships of the individual shape modeling areas among themselves, positively influencing the psychoemotional sphere of its user, and forming the advertising aesthetic image necessary for the purchase of goods.
Its content depends on the given compositional structure of the shape, various aspects of which are oriented towards providing a positive emotional perception of the geometry of the product surface by a person in different subject-spatial conditions with any kind of lighting. In this case, it is implied that, regardless of the nature and conditions of illumination (e.g., scattered, direct incident light, daytime, night, etc.), the steadily smooth motion of the light flare on the surface of the car's shape should be an indicator of the ideal smoothness of the connection of individual shape modeling areas of the product. The high culture of smoothness of the transition between individual surfaces creates a visual purity of the shape, which, at the level of the visual communication channel, is transformed into an aesthetic quality.
It is important to emphasize that the aesthetic properties of the shape of the design product, with the ideal conjugations of the shape modeling surfaces, remain constant in any subject-spatial situations, do not collapse depending on the perceived conditions and experience of the product's aesthetic image. This is due to the fact the emotional-psychological state of the consumer is transformed in a different object-spatial environment.
Thus, aesthetics become an important component of the product. Clearly, smoother curves and surfaces are more aesthetic [25] . Actually, the term a smooth curve carries an aesthetic component. In this article, the basic criteria for smoothness are considered as aesthetic criteria in the evaluation of the quality of shapes.
In work [3] , the curves, the aesthetic qualities of which are an important component of the consumer properties of the product, are defined as aesthetic functional curves. To assess the quality of aesthetic functional curves, a multi-criteria approach is proposed. The authors of [3] believe that, in the evaluation of a product's design, priority should be given to its fulfillment of the smoothness criteria. Expert assessment from the standpoint of the laws of technical aesthetics is valid only after assessment for smoothness or in the absence of the possibility of such an analysis.
FairCurveModeler Software Package
To visualize class F curves and surfaces, the FairCurveModeler software package was developed, implemented in AutoCAD [7] , Fusion360 [8] , nanoCAD, COMPAS [9] , Mathematica [4] applications, and the Web FairCurveModeler cloud product [10] . Translating a program to other CAD systems using their API presents a laborious task. Also, the functional expansion of the FairCurveModeler software package in all its implementations also proves laborious.
In [11] , an idea is proposed about the possibility of using a universal software platform that is invariant with respect to the specifics of certain CAD systems. As such a software platform, the use of a combination of Microsoft Excel VBA, the FairCurveModeler software complex, and computer algebra systems is proposed.
The software platform is designed to perform the following tasks:
 For visualization of high-quality curves and surfaces for any CAD system. In this instance, there is no need to transfer the functionality of FairCurveModeler to other CAD using their API. It is enough to write tools for exchanging geometric models between Microsoft Excel and CAD or use standard exchange via a DXF file.
 For development of specialized applications (applied CAD) using the functionality of FairCurveModeler.

To do this, a set of open source programs that implement the interface between Microsoft Excel and
FairCurveModeler is provided. Thus, the software platform is an integrated system integrating Microsoft Excel VBA, FairCurveModeler, and computer algebra systems.
Description of the Software Platform
A universal software platform for visualizing class F curves and surfaces and developing applied CAD products with functional curves and surfaces comprises the following components: The theoretical foundations of the program complex are described in [14] [15] [16] [17] . The software package consists of two parts: the FairCurve.exe COM component and the interface part.
Computer algebra systems Mathcad and Mathematica are necessary for the analysis of NURBS curves, data preparation for the approximation of analytical curves in FairCurveModeler, and for solving computational problems in applied CAD-systems.
Integration of the Software Platform with Fusion360
The concept of using a universal software platform allows you to transfer the functionality of the FairCurveModeler software complex to any CAD system without special labor. For example, this concept is easily implemented for the perspective CAD Fusion360, an ambitious project of Autodesk. The functionality of Fusion360 provides all stages of product design. The Fusion360 is essentially an automated engineer workstation. Therefore, if we supplement the Fusion360 with the visualization functions of the class F curves, the Fusion360 will become a self-sufficient high-class CAD system capable of modeling functional and aesthetic curves as well as product surfaces, up to the outer contours of supercars.
The FairCurveModeler software complex is implemented in Fusion360 in [8] . The platform is used to extend the functionality of the application "FairCurveModeler app Fusion360" and for the possibility of developing an application CAD system in an integrated system software platform withFusion360. To ensure integration with the API (Application Programming Interface) Fusion360 developed a plugin that provides the exchange of geometric objects with Microsoft Excel. As part of the software platform, the Microsoft Excel
FCModeler + Fusion360.xlsm book is presented, which provides the transfer of NURBS models to Fusion360.
The technique of working with the software platform for visualizing class F curves in CAD system
Fusion360 is described below. i) The program will construct a curvature graph over the curve.
Importing NURBS models in the transient format makes it possible to compute any parameter, but does not allow you to include in the project an exact model of the constructed curve. It is only possible to introduce the model into the project indirectly by approximating the internal representation with a spline. The main drawback of the spline of the internal representation is that it does not preserve the values of the boundary parameters of the original curve.
To construct non-closed curves with preservation of the quality of the v-curve, the following technique is proposed. g) The program will display the message Press OK to create Object.
Entering NURBS Model in the Project via DXF-File
h) Click OK in the message window. Click OK in the FAIRCURVEMODELER dialog box.
i) The program will generate a curve from the DXF file. j) Because of the difference in the units of measure in Fusion360 and in the DXF file, the curve will be 10 times smaller than the original.
l) Select the curve in the object tree. m) Set the Zoom settings.
Scale Type = Uniform Scale Factor = 10
n) The curve passes through the vertices of the original polygonal line. Importing a NURBS model through a DXF file preserves the geometry of the curve. n) The application displays the message Press OK to create Object.
Construction of a v-curve on a Tangent
o) Click OK in the message window. Click OK in the FAIRCURVEMODELER dialog box. p) NURBS from the transient format is converted into a spline of the internal representation.
q) The application will display the message "Standard curve successfully created on points of a fair curve, number of points = ..." r) Click OK in the message. The curve is constructed (Figure 3) . 
Construction of Aesthetic Curves
Obviously, class F curves are aesthetic unto themselves. However, along with just beautiful curves, there are "top models," log-aesthetic curves. Estimation of log-aesthetic curves is based on the mathematical characteristics of the forms revealed in real-world objects (e.g., butterfly wings) [18] [19] . Aesthetic evaluation of curves is carried out by the laws of technical aesthetics and should reveal the aesthetic appropriateness of the curve in conjunction with the ability to meet the requirements of rationality [24] . In view of compositional order and structural coherence, the log-aesthetic curve has also expressive qualities. Hence, smoothness as a geometric property of the curve forms its expressive basis and visual purity. In terms of the emotional and psychological influences, smoothness contributes to the psychological comfort of a person, since it is associated with calmness, constancy, lack of aggression, as opposed to a broken line that gives rise to turbulent associations. To model aesthetic forms, the so-called log-aesthetic curves [20] are proposed, which have a linear curvature graph in the logarithmic scale. Several known spirals, including the clothoid, are particular cases of this class of curves. In For importing analytical curves into CAD system, it is advisable to approximate them with NURBS curves.
Thus, the NURBS template of the analytical curve is created. In the proposed software platform, Mathematica is used to calculate the most complicated superspiral formula. In Mathematica, a dynamic procedure for approximating and visualizing the superspiral was developed (Fig. 5) . g) The program will display the message Press OK to create Object. Click OK in the message box.
Click OK in the FAIRCURVEMODELER dialog box.
h) The program will generate a curve from the DXF file.
i) Due to the difference in the units of measurement in Fusion360 and in the DXF file, the curve will be 10 times smaller than the original. j) Select Modify-Scale. Select a curve in the object tree. Set the following scaling parameters:
Scale Type = Uniform Scale Factor = 10.
k) Superspiral will be displayed in the project. Check the quality of the superspiral by plotting the curve of its curvature (Fig. 6 ). 
Additional recommendations
Despite the self-sufficiency of Fusion360, it is recommended to use AutoCAD in addition to Fusion360
[22]. The authors of this article suggest that AutoCAD should be used to fix high-quality curves in threedimensional models in order to avoid fitting the curves with a spline of the internal representation and preserve the high quality of class F curve. It is also recommended to use the application 'FairCurveModeler app AutoCAD' [7] , which has the most complete functionality and allows modeling curves and surfaces. The application has an advanced toolkit for editing curves and surfaces for various types of data.
The software platform is complete with FairCurveModeler applications for CAD (Fusion360, AutoCAD, nanoCAD and COMPAS 3D). Before you start, you must transfer the activation code Code_Activation.txt from the application folder to the software platform folder FairCurveModeler app Excel VBA.
Conclusions
1. The program complex FairCurveModeler for visualization of high-quality curves and surfaces using criteria of smoothness is developed.
2. A universal software platform for visualizing class F curves and developing specialized applications for any CAD system based on the use of Microsoft Excel VBA, FairCurveModeler, and computer algebra systems is proposed. 
